Abstract: L-Asparaginase producing bacteria were isolated from soil samples under optimum conditions using submerged fermentation. Their abilities to produce asparaginase at different pH, temperature, incubation temperature, utilization of different carbon and nitrogen sources as well as their specific conditions for optimal activity were also investigated. Streptococcus spp. D1, Bacillus polymyxa and Streptococcus spp. D2 showed optimum asparaginase production at pH 8 with activities of 11.6 U/ml, 8.8 U/ml and 7.9 U/ml respectively. The pH 7 was observed as optimum pH for Bacillus firmus (8.8 U/ml) while optimum pH 6 was observed for Bacillus circulans and Paenibacillus validus. Maximum L-asparaginase productivity was attained at a temperature of 45°C by Bacillus firmus, Streptococcus sp. D1 and Bacillus circulans with activity of 4.6 U/ml, 5.6 U/ml and 3.8 U/ml respectively while 35°C incubation temperature was optimum for Paenibacillus validus and Bacillus polymyxa with enzyme activity of 6.2 U/ml and 6.1 U/ml respectively. Mannitol supported the maximum asparaginase production of Bacillus circulans, Streptococcus sp. D2 and Bacillus polymyxa while maltose was observed as the best carbon source for Streptococcus sp. D1 and Bacillus firmus; and sucrose for Paenibacillus validus. The optimum nitrogen source was casein for Bacillus circulans (7.57 U/ml) and Streptococcus spp. D1 (6.19 U/ml), Yeast extract for Bacillus polymyxa (7.037 U/ml) and Bacillus firmus (5.368 U/ml) while NaNO3 supported optimum L-asparaginase production for Streptococcus sp. D2 (6.006 U/ml) and Paenibacillus validus (4.754 U/ml). At optimum conditions, Bacillus polymyxa had the highest (4.835 U/ml) while Bacillus circulans had the least (2.981 U/ml) asparaginase activity. In all, the bacterial isolates prefers slightly alkaline to alkaline medium (pH 6-8) for optimum asparaginase production.
INTRODUCTION
L-Asparaginase (EC 3.5.1.1) belongs to a group of homologous amidohydrolases family, which catalyses the hydrolysis of amino acid L-asparagine to Laspartate and ammonia [1] . They are naturally occurring enzymes expressed and produced by animal tissues, bacteria, plants, and in the serum of certain rodents, but not in mankind [2] . Large number of microorganisms that include Erwinia carotovora [3] , Pseudomonas stutzeri [4] , Pseudomonas aerugenosa [5] and E. coli [6] has been known to produce Lasparaginase. Different types of asparaginase can be used for different industrial and pharmaceutical purposes. Asparaginases are used to reduce the formation of acrylamide, a suspected carcinogen, in starchy food products such as snacks and biscuits [7] . By adding asparaginase before baking or frying the food, asparagine is converted into another common amino acid, aspartic acid, and ammonium.
L-Asparaginase has received increased attention in recent years for its anticarcinogenic potential and is used as a chemotherapeutic agent for acute lymphocytic leukemia and less frequently for acute myeloblastic leukemia, chronic lymphocytic leukemia, Hodgkin's disease, melonosarcoma and non-Hodgkin's lymphoma [7] [8] [9] [10] [11] . The reason it is preferred for this purpose is that, it is biodegradable, non-toxic and can be administered at the local site quite easily. The aim of this research is to produce L-asparaginase from soil bacteria.
MATERIALS AND METHODS

Sample Collection
Five different soil samples were collected from different plantation in Moniya and compost site in Kara (Bodija) in Ibadan, South West, Nigeria. The soil samples were collected in polythene bag and transferred to the laboratory for analysis.
Screening and Isolation Of Bacteria
This was carried out with serial diluted sample of 1g of soil sample from each location, plated on sterile M9 basal medium [12] and incubated at 30ºC for 48 hrs. The pinkish-red colony (asparaginase-producing bacterial colony) picked from the plates were purified by subsequent streaking on sterile Nutrient Agar. The asparaginase producers were placed on Nutrient Agar slant for further use.
PRODUCTION OF L-ASPARAGINASE
Half millilitre of the 24hour old inoculum were added to 5millilitre sterile M9 basal medium (KH 2 PO 4 , 2.0 g, L-asparagine, 6 .0 g, MgSO 4 .7H 2 O, 1.0 g, CaCl 2 .2H 2 O, 1.0 g, Glucose, 3.0 g; dissolved in 1000 millilitre of water and pH adjusted to 7.0) and incubated at 30°C for 48 hrs. At the end of fermentation period, the crude enzyme was prepared by centrifugation at 1000 g for 20 min in a cold centrifuge (Himac CR21GII). The cellfree supernatant was taken as the crude enzyme and the enzyme assay were performed.
Optimization of Environmental Parameters for LAsparaginase Production
Effect of pH on L-Asparaginase Production
The effect of pH on L-asparaginase production was studied by growing the isolates in sterile M9 basal medium of different pH (4, 5, 6, 7 and 8) maintained by using phosphate buffer. 0.5 mls of the 24 hour old inoculum was transferred into 5 mls of the basal medium at different pH and incubated at 30°C for 48 hrs [13] and assayed for enzyme activity.
Effect of Incubation Temperature on LAsparaginase Production
The effect of incubation temperature on Lasparaginase production was studied by growing the bacterial isolates in sterile M9 basal medium. 0.5 mls of the 24 hour old inoculum was transferred into 5 mls of the basal medium and were incubated at 5 different incubation temperatures (25°C -45°C) for 48 hours and assayed for enzyme activity.
Optimization of Nutritional Parameters for LAsparaginase Production
Effect of Different Carbon Sources and Concentrations
Filtered sterile glucose, sucrose, maltose, mannitol and lactose at 5different concentrations (1 g -5 g) were added to the sterile basal medium separately. 0.5 ml of the inoculum was added to 5 ml sterile basal medium with different carbon sources, incubated at 30°C for 48 hrs and assayed for asparaginase activity using the method of Shah et al. [13] .
Effect of Different Nitrogen sources and Concentrations
Yeast extract, gelatin, Potassium nitrate (KNO 3 ) and Sodium nitrate (NaNO 3 ) at different concentration (2 g, 4 g, 6 g, 8 g and 10 g) were added to the basal medium separately, autoclaved at 121°C for 15 minutes. 0.5 ml of the inoculum was added to 5 ml sterile basal medium, incubated at 30°C for 48 hrs and assayed for enzymatic activity [13] .
Production at Optimum Conditions
Half millilitre of the inoculum was added to 5ml sterile basal medium, which has been incorporated each with different Carbon and Nitrogen sources at optimum concentrations, adjusted to optimum pH and incubated at the optimum incubation temperature for each bacterial isolate.
Estimation of L-Asparaginase Activity
At the end of 48 hrs incubation period, the crude enzyme was prepared by centrifugation at 10,000 rpm for 20 minutes. The cell-free supernatant was taken as the crude enzyme. The L-asparaginase was assayed using the method of Imada et al. [14] . Reaction was started by adding 0.5 ml of 0.01 M L-asparagine to 0.5 ml of 0.05 M Tris-HCl buffer (pH7.0) and incubated for 30 minutes at 30±2°C. The reaction was stopped by the addition of 0.1 ml of 15 % Trichloroacetic acid solution and centrifuged in a cooling centrifuge at 10,000 rpm for 10 min. The supernatant was collected and 0.1 ml was taken in a test tube along with 3.7 ml distilled water. The mixture was then incubated for 10 min for colour development. The optical density (OD) was read at 450 nm (Jenway, 6405 UV/Vis, Spectrophotometer). OD was compared with the standard graph and the amount of ammonia in μM was calculated.
RESULTS
Screening and Isolation of Bacteria
The microbial count of asparaginase producing bacteria from different soil samples were presented in Table 1 . The compost soil (COM) has highest (17) asparaginase producing bacteria, while coconut soil (COS) and cow dung soil from site 2 (CS2) had the least (4) asparaginase producing bacteria. Six bacterial isolates were selected based on the zone of inhibition (Plate 1). Table 2 showed the zones of diameter of Lasparaginase producing bacteria in which isolate D2 (Streptococcus sp. D2) has the highest (52 mm) zones of inhibition, followed by isolate D1 (Streptococcus sp. D1) while isolate E2 (Paenibacillus validus) has the least (30 mm) zones of inhibition.
Effect
of Incubation Temperature on LAsparaginase Production L-asparaginase activity varies with both temperature and organism (Figure 1) with Bacillus circulans having the least activity at most temperature. The highest observed at 45°C and the least activity observed at 30°C except for Bacillus circulans which has its least activity at 40°C. Streptococcus sp. D2 had its highest L-asparaginase activity (6.60 U/ml) at 25°C and the least activity (3.2 U/ml) at 45°C. Incubation temperature of 35°C was found to be the best temperature for the asparaginase activity of Bacillus polymyxa and Paenibacillus validus while the least activity was recorded at 45°C (3.3 U/ml) and 25°C (3.3 U/ml) respectively.
Effect of pH on L-Asparaginase Production
Higher asparaginase activity at all pH was recorded in Streptococcus sp. D1 and the least activity by Paenibacillus validus (Figure 2 
Influence of Environmental and Nutritional Parameters on Enzyme Production of Selected Bacterial Isolates
Effect of different carbon sources on Lasparaginase production by all the isolates is as shown on Table 3 . For all the isolates, the least asparaginase production was recorded with glucose while the maximum production varies with organism and carbon source. The highest asparaginase activity by Paenibacillus validus (isolate E2) was induced by sucrose (7.37 U/ml) while maltose induced highest production of the enzyme in Bacillus firmus (4.962 U/ml) and Streptococcus sp. D1 (6.366 U/ml). Mannitol was observed to induce highest asparaginase activity/production in Streptococcus sp. D2 (6.123 U/ml), Bacillus firmus (5.287 U/ml) and Bacillus circulans (7.397 U/ml).
For all the isolates, gelatin as nitrogen source induced the least asparaginase production except for Streptococcus sp. D2 which had its least activity with casein (4.20 U/ml) ( Table 4) . Yeast extract induced highest asparaginase production in Bacillus firmus (5.369 U/ml), casein in Bacillus circulans (7.571 U/ml) and NaNO 3 (6.006 U/ml) in Streptococcus sp. D2.
Effect of Different Concentration of Carbon Sources on Enzyme Production
Increase in glucose concentration from 1 g/l to 2 g/l resulted in a drastic decrease in asparaginase production by Bacillus firmus while further increase from 2 g/l to 5 g/l has little or no effect on asparaginase production. Similarly, increase in glucose concentration from 1 g/l to 5 g/l was observed to have no significant effect on asparaginase production (Figure 3) . Highest L-asparaginase production (activity) was recorded at 1 g/l glucose concentration by all isolates except Paenibacillus validus which recorded highest activity at 4 g/l glucose concentration. Least L-asparaginase production by all the isolates was observed at 3 g/l glucose concentration except in Bacillus polymyxa which had its least activity at 5 g/l.
Among all the isolates, Bacillus firmus had the least L-asparaginase production at most concentration of mannitol and production decreases with increase in mannitol concentration except at 4 g/l mannitol concentration (Figure 4) . Best concentration of mannitol for highest production of asparaginase among the isolates varies. 1 g/l being the best for Bacillus firmus (4.6 U/ml) and Streptococcus sp. D1 (10.5 U/ml), 2 g/l for Bacillus circulans (7.8 U/ml), 3 g/l for Streptococcus sp. D2 (6.1 U/ml), 4 g/l for Bacillus polymyxa (7.4 U/ml) and Paenibacillus validus (5.4 U/ml). Streptococcus sp. D1 had its highest asparaginase production (10.5 U/ml) at 1 g/l and the least activity (3.8 U/ml) at 5 g/l mannitol concentration. Least asparaginase production by all the isolates, was observed at 5 g/l mannitol concentration except in Bacillus circulans and Paenibacillus validus which was 1 g/l and 3 g/l respectively.
Effect of different sucrose concentration on Lasparaginase production by all isolates is as shown on L-asparaginase activity at 3 g/l lactose concentration while Bacillus circulans and Paenibacillus validus had theirs at 1 g/l and Bacillus polymyxa had its at 4 g/l lactose concentration. and Streptococcus sp. D2 had its least asparaginase production at 2 g/l lactose concentration.
Effect of Different Concentration of Nitrogen Sources on Enzyme Production
The highest L-asparaginase activity by Streptococcus sp. D1 was observed at 10 g/l KNO 3 concentration (6.70 U/ml) and the least activity (4.4 U/ml) was recorded at 6 g/l KNO 3 concentration (Figure 8 ). 4 g/l KNO 3 concentration was found to be the best for asparaginase activity by Bacillus firmus and Streptococcus sp. D2 while the least activity was recorded at 6 g/l and 2 g/l KNO 3 concentration respectively. Least L-asparaginase production was observed at 10 g/l for Bacillus polymyxa and Paenibacillus validus while the highest L-asparaginase production was at 6 g/l and 2 g/l KNO 3 concentration respectively. Bacillus circulans had its highest asparaginase production at 8 g/l KNO 3 and the least asparaginase production at 6 g/l KNO 3 concentration.
Increase in NaNO 3 concentration concentration from 2 g to 10 g/l resulted in decreased asparaginase production by Streptococcus sp. D1 while little or no effect was recorded in Bacillus circulans and Paenibacillus validus (Figure 9) . Highest Lasparaginase production was recorded at 2 g/l NaNO 3 concentration for Bacillus firmus, Streptococcus sp. D1, Streptococcus sp. D2 and Paenibacillus validus, while Bacillus polymyxa and Bacillus circulans had theirs at 10 g/l and 8 g/l respectively. At 8 g/l NaNO 3 concentration, Bacillus firmus and Paenibacillus validus had their least asparaginase activity while Streptococcus sp. D2 and Bacillus circulans had theirs at 4 g/l NaNO 3 concentration and Streptococcus sp. D1 had its least asparaginase activity at 10 g/l. Bacillus polymyxa had its least asparaginase production at 2 g/l NaNO 3 concentration. Paenibacillus validus had theirs at 6 g/l and 8 g/l gelatin concentration respectively.
Effect of different yeast concentration on Lasparaginase production by all isolates is as shown on Figure 11 . Bacillus firmus had its highest Lasparaginase production (6.8 U/ml) at 4 g/l yeast extract concentration and least asparaginase production (4.2 U/ml) at 8 g/l. Increase in yeast extract concentration, increases the L-asparaginase production by Streptococcus sp. D1 with highest activity (5.3 U/ml) recorded at 10 g/l. Streptococcus sp. D2 had its highest L-asparaginase activity (6.6 U/ml) at 8 g/l yeast extract concentration and least asparaginase activity (4.8 U/ml) at 10 g/l yeast extract concentration. Bacillus polymyxa had its highest Lasparaginase activity (7.0 U/ml) at 6 g/l yeast extract concentration and least activity (5.0 U/ml) at 8 g/l yeast extract concentration. Bacillus circulans had its highest L-asparaginase production (6.0 U/ml) at 2 g/l yeast extract concentration and the least asparaginase production (4.3 U/ml) at 6 g/l yeast extract concentration (Figure 11) . Paenibacillus validus had its highest L-asparaginase activity (4.2 U/ml) at 10 g/l yeast extract concentration and least activity at (3.3 U/ml) at 2 g/l yeast extract concentration.
Effect of different casein concentration on Lasparaginase production by all isolates is as shown on Figure 12 . Bacillus firmus and Paenibacillus validus had highest L-asparaginase production at 4 g/l and 10 g/l respectively. At 6 g/l, Streptococcus sp. D1 and Bacillus circulans had their optimum L-asparaginase production while Bacillus polymyxa and Streptococcus sp. D2 had theirs at 4 g/l and 10 g/l respectively. At 8 g/l, Streptococcus sp. D1 and Streptococcus sp. D2 had their least asparaginase production while Bacillus polymyxa and Bacillus circulans had theirs at 6 g/l and 10 g/l respectively. At optimum conditions, Bacillus polymyxa had the highest asparaginase activity of 4.835 U/ml while the least activity (2.981 U/ml) was observed for Bacillus circulans ( Table 5) . In all, the bacterial isolates prefers slightly alkaline to alkaline medium (pH 6-8) for optimum asparaginase production.
DISCUSSION
Sixty-one asparaginase producing bacteria were isolated from five different soil samples. This may be attributed to the fact that soil is a rich source for potential enzyme producing organisms.
In this study, the result of screening test revealed that asparaginase producing bacteria were able to hydrolyse L-asparagine since they utilized Lasparagine as their substrate and breakdown asparagine to L-aspartate and ammonia which further reacts with water to produce NH 4 OH, hence the pH of the medium is basic which subsequently changes the medium from yellow to pink, hence the pinkish zone observed around the colony of asparaginase producing bacteria. This is in accordance with the work of Gulati et al. [15] who proved that colour transformation was due to L-asparaginase production. The bacterial isolates with highest asparaginase activity were identified as Bacillus spp., Streptococcus spp. and Paenibacillus spp. This is also similar to the report of Kamble and Khade [16] who reported Bacillus spp. and Paenibacillus spp. to be a good asparaginase producing bacteria.
The optimum incubation temperature at which Bacillus firmus, Streptococcus spp. D1 and Bacillus circulans showed highest asparaginase yield was 45°C; this was in contrast with the report of Narayana [17] on the optimum incubation temperature for Streptomyces albidoflavus. Bacillus polymyxa and Paenibacillus validus had their highest production at incubation temperature of 35°C, which was similar to the work of Borkotaky and Bezbaruah [18] that reported optimum incubation temperature for L-asparaginase activity by Erwinia sp.
Among the physical parameters, pH of the growth medium plays an important role by inducing morphological changes in the microorganisms and in The effect of various concentration of mannitol (0.1 % to 0.5 %) on L-asparaginase production showed that Bacillus firmus and Streptococcus sp. D1 had their optimum asparaginase production at 0.1 % while the least asparaginase production by all the bacterial isolates was observed at 0.5 % mannitol concentration except Bacillus circulans and Paenibacillus validus. This agrees with the work of Thae and Ellaiah [20] who stated that increase in mannitol concentration (from 0.1 %-0.2 %) resulted in decreased asparaginase production and that increase in mannitol concentration above 0.1% resulted in the accumulation of mannitol in the cultivation medium.
The best sucrose concentration for maximum Lasparaginase production by all the bacterial isolates was 0.3 % except Streptococcus sp. D1 which was 0.1 % sucrose concentration. In contrast, Praveen et al. [21] observed higher titres of L-asparaginase by Serratia marcescens when medium was supplemented with 1.5 % sucrose concentration. Susmika and Mandal [22] have reported sucrose as the best carbon source for L-asparaginase production. This may be due to the inductive effect of sucrose and its remarkable efficiency in asparaginase production, being an inexhaustible source of carbon compared to other carbon sources and it also helps in stabilizing the enzyme [23] .
The optimum maltose concentration at which Bacillus firmus, Streptococcus sp. D2, Paenibacillus validus showed optimum asparaginase production was 0.4 % maltose concentration. This agrees with the work of Amena et al. [24] who reported 0.5 % maltose concentration as the best concentration for optimum Lasparaginase production for Streptomyces gulbargensis. In contrast, Deokar et al. [25] observed maximum L-asparaginase production by Erwinia carotovora at 1.13 % maltose concentration.
Reports have shown that lactose was the best carbon source for L-asparaginase production [26, 27] . The best lactose concentration for maximum asparaginase production by most bacteria was 0.5%. In contrast, Liu and Zajic [28] observed enhanced Lasparaginase production with 1 % lactose concentration.
The best nitrogen source for maximum asparaginase production by Bacillus firmus and Bacillus polymyxa was yeast extract. This agrees with the work of Verma [29] who reported yeast extract to be important for cell growth and L-asparaginase synthesis.
The best KNO 3 concentration for extracellular asparaginase production was 0.4 % KNO 3 concentration for Bacillus firmus and Streptococcus sp. D2. Least L-asparaginase production was observed at 1 % KNO 3 concentration for Bacillus polymyxa, Bacillus circulans and Paenibacillus validus. This agrees with the work of Singh and Srivastava [30] who reported reduction in asparaginase production at 1 % KNO 3 concentration.
Maximum L-asparaginase production for most of the isolates was recorded at 0.2 % NaNO 3 concentration, an observation similar to that of Makky et al. [31] who observed NaNO 3 to be optimum for L-asparaginase activity of Bacillus spp. KK2S4.
Bacillus polymyxa had its highest L-asparaginase activity at 0.6 % yeast extract concentration while the least asparaginase activity by all isolates was 0.8 % concentration except Streptococcus sp. D2 and Bacillus circulans. This agrees with the work of Hosamani and Kaliwal [9] that showed that 0.5 % yeast extract gave optimum L-asparaginase production. This result was similar to the work of Verma [29] who reported the importance of yeast extract at low concentration for cell growth and L-asparaginase synthesis. In contrast, Kavitha and Vijayalakshimi [32] showed that 1.5 % yeast extract concentration was optimum for L-asparaginase production. Also, Deokar et al. [25] showed that 1.74 % yeast extract concentration was optimum for L-asparaginase synthesis by Erwinia carotovora.
Increase in casein concentration resulted in decreased asparaginase, an observation which agrees the work of Thaer and Ellaiah [20] that showed gradual decline in L-asparaginase production with increased casein concentration. Report have also shown that casein is essential for cell growth and L-asparaginase synthesis, but in high concentration, the production of L-asparaginase is inhibited which might be due to the presence of high substrate concentration and induction of proteolytic enzyme [33] .
CONCLUSION
This study clearly indicates that soil can provide a good source of asparaginase producing bacteria and that Bacillus polymyxa strains subjected to submerged fermentation at an alkaline pH (pH 6-8) using mannitol (4 g/l) and casein (4 g/l) as carbon and nitrogen sources respectively will produce reasonable amount of L-asparaginase.
